National Aeronautics and Space Administration

Designing a Deep Space Bioregenarative System

Hiram Lopez145 , Khrissaundra Journey123 , Richard Boyle1
1
NASA Ames Research Center, 2 Cal State University Fresno, STAR, Mississippi Valley State University,

This map shows that the ocean acidity around the world averages from 7.9
to 8.2. Along the coast, however, there are larger variations. The variations
range from 7.3 inside deep estuaries to 8.6 in productive coastal plankton
blooms and 9.5 in tide pools.

Sea Pen

The Sea pen is a potential organism for
our system. It lives in temperature
ranges from 7.6° to 9.5° C. It also
lives at that temperature at depths of
13m to 68m.

Plankton

Plankton live in all types of climates.
They are photosynthetic organisms
that take in CO2 to make food and
release oxygen back into the
environment. They are also food
sources for many other organisms.

Green Algae

The green algae is a potential
organism because it thrives is various
climates, from extreme cold to
extreme tropical environments. It can
grow in freshwater or saltwater. It
absorbs nitrates, CO2, and metal ions
from the water. It is also found within
the pH range of 8.1-8.4 .
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Cyanobacteria

Cyanobacteria is a nitrogen fixating
bacteria that is found in either freshwater
or seawater. It can survive in any type of
environment. It is one of the oldest living
organisms on the Earth. They also take in
CO2 to carry on photosynthesis and
release oxygen into the ocean.
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This diagram shows how light penetrates no deeper than 150m
for photosynthesis. Gas exchange with the atmosphere is
near-perfect such that the oxygen concentration in the water
is in equilibrium with the atmosphere.

My interest in our experiment focuses on the organism ability to coexist with each other within an ecosystem
and their ability to survive and adapt to an environment with zero pressure. The invertebrate organisms that are
presently being considered are species that live in the sea close to the 1 atmospheric pressure range (approximately
1m – 10m deep). Our initial concerns for the experiment are the organism ability to adjust to pressure and maintain life
outside their natural environment. Although there are organisms in the deeper regions of the ocean that can adjust to
lower pressure and survive, scientist have had a very difficult time maintaining their life outside of their natural sea
environment for any extended period of time. Our mission success will depend on finding species that can live
together for an extended period of time without annihilating each other. Example, if we utilize Brine shrimp and green
algae there is a chance that the Brine Shrimp may consume all of the algae. An alga helps to absorb Nitrates and CO2
which is a crucial component in keeping the marine environment in a certain equilibrium. This equilibrium is important
in maintaining a marine organism’s ability to sustain life. The complexity of maintaining a partially closed system for
space also involves finding non-gravitropic plants and teaching astronauts how to maintain these organisms. In
addition, figuring out preventive measures for bacteria over proliferations, which are some of the many questions that
must be answered.
So as we venture on a journey of a best fit scenario, more questions continue to arise. How do we maintain
other key components involved in the organisms ability to sustain life over an extended period of time? This question
involves which organisms we decide will be viable candidates for our experiment. These organisms will be integral
parts of maintaining pH, O2 levels, CO2 levels, Nitrate levels, Phosphorus levels and other ionic components that are
valuable parts of the marine ecosystem. Presently we our attempting to answer many of these questions through
research and eventual experimentation. Our goal to have a self-sustaining bioregenarative system in deep space will
take time, but can and will eventually happen through NASA ingenuity.
Our goal is to bring this project into the classroom. This will allow us to maintain collaboration with NASA
centers, and to introduce hypothesis-driven scientific research.

